Enzymes that activate dioxygen or hydrogen peroxide exhibit remarkable catalytic activity and selectivity, but oxidative and hydrolytic fragility limit their technological applicability. Their catalytic activity-pH profiles are usually bell-shaped, resulting from either reversible or irreversible activity loss at extreme pH. 1 Their mere existence challenges chemists to design low-molecular, protein-free catalysts 2 that are at least as active, while being more robust in aggressively oxidizing acidic and basic environments. Recently, we introduced a new class of oxidatively robust "green" 3 catalysts for H 2 O 2 oxidation of a wide spectrum of substrates 4 including facile polychlorophenol mineralization. 5 The Fe III centers of the nontoxic catalysts 5 are coordinated to tetra-amido macrocyclic ligands giving TAML oxidant activators, Figure 1 .
1 undergo rapid hydrolysis as expected for species with long FeCl bonds; 10 equilibrium data, K Cl (Table 1) , indicate insignificant Cl -coordination for [Cl -] e 0.5 M. (ii) Cl -hydrolysis affords aqua species accounting for the similarity of 1 and 2 UV/vis and EPR spectra in water. (iii) The aqua species are 6-CN in water. (iv) UV/vis and EPR spectra are independent of pH from 5 to 8, but vary reversibly at 8-11 with deprotonation of an aqua ligand; for 2b, a band at 368 nm disappears with increasing pH (isosbestic point at 345 nm). pK a 's are in the range 9.4-10.5 (Table 1) .
Aqueous solutions of 2 (R ) Me) at neutral pH are stable for months, but at pH 3-4 the UV/vis band around 360 nm fades irreversibly. The free macrocyclic ligand was isolated in >95% yield treating 2a at pH 1. For this reaction, the plot of the pseudofirst-order rate constants, k obs , versus the concentration of HClO 4 or HCl is distinctly curved, indicating high-order pathways in [H + ] (Figure 2 This reverse isotope effect indicates that a stronger bond is formed in the rate-determining process. 11 This suggests that the rate-limiting event for the k 1 * pathway could involve protonation of an amido-nitrogen or an N-Fe bond, forming the N-H bond as the weaker N-Fe bond is cleaved. k H /k D ≈ 1 for the k 3 * pathway, making it more difficult to suggest mechanistic details for this pathway; preequilibrium peripheral protonations of the macrocycle are likely steps (Scheme 1). The dependence of k obs on [H + ] is given by eq 1, which corresponds to the experimental rate law when equilibrium constants K a1 and K a2 are high (i.e., 2 complexes are weak bases), ensuring
and k 2 is negligible as compared to k 1 and k 3 , that is, (
The rate of acid-induced demetalation depends only slightly on the nature of the head substituents X (Table 1 ). In contrast, the tail-R groups dramatically affect k 1 * and, for the most part, k 3 *, suggesting that tail amide O-atoms are sites of peripheral protonation. This suggested a strategy for producing acid tolerant Fe III -TAML catalysts; tail electron-withdrawing groups should reduce the hydrolytic demetalation rate. Replacement of the tail groups R ) Me with R ) F produces a remarkable stabilization. The rate constants (Table 1) show that under weakly acidic conditions, when the k 1 * pathway dominates over k 3 *, fluorinated 2f is 10 5 -fold more H + -tolerant than 2a.
Under more acidic conditions when the k 3 * pathway contribution to the overall rate is major, the difference reaches a unique 11 orders of magnitude, suggesting that the preequilibrium protonations involve at least one tail amide oxygen. At a pH of 4.5, 2f is a highly active bleaching catalyst, whereas 2a is inactive.
A mechanism with a preequilibrium M-N cleavage is unlikely for 2 because cleavage of a single M-N bond should cause a strong distortion of the planar complex and induce rapid cleavage of the remaining M-N bonds; distorted TAML ligands tend to have nonplanar amides and high hydrolytic instability, for example, 3 ( Figure 3) . 12 Very rapid hydrolysis of 3 follows the rate law k obs (s -1 ) ) (2 ( 1) + (5.5 ( 0.5) × 10 3 [H + ]; 3 is so labile that rapid hydrolysis occurs in water at pH 7. k 1 * for 3 is >1000 times faster than that for the most reactive complex in Table 1 .
In conclusion, the iterative design approach used to develop oxidatively stable TAML activators 5 has been extended to control acid-induced hydrolysis. TAML activators with tail electronwithdrawing groups are significantly protected. The entire acidic pH range is now available for exploration of oxidation catalysis using TAML activators. This work also shows that one can destroy any TAML activator by acid treatment for a period determined by its known acidolysis rate, prescribing an easy method for postuse catalyst destruction. Supporting Information Available: Experimental procedures, EPR, pH titration data, details of the X-ray investigations (CIF and PDF). This material is available free of charge via the Internet at http:// pubs.acs.org. Figure 3 . X-ray structure of highly distorted TAML complex 3 (see Supporting Information).
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